The objective of this study was to evaluate the concentrations of selected acute phase proteins -haptoglobin (Hp) and serum amyloid A (SAA), and selected variables of energy metabolism in blood serum of dairy cows during different stages of the pre-and postpartal period. The analyses were performed in dairy cows of the Slovak spotted breed and its crossbreeds (n = 57). The cows were divided into 9 groups according to the evaluated part of reproduction cycle -from 4 weeks before parturition to 10 weeks after parturition. Significant differences were found in mean Hp and SAA concentrations during the monitored period (P < 0.05 and P < 0.001, respectively). Cows during the early postparturient period had significantly higher Hp and SAA concentrations compared to cows in later postparturient period (P < 0.05). Significant differences throughout the period under study was found also in means of total cholesterol (P < 0.01), triglycerides (P < 0.001), and non-esterified fatty acids (P < 0.001). Concentrations of Hp during this period were positively correlated with SAA (R = 0.919; P < 0.001). Moreover, significant correlations were found between Hp and non-esterified fatty acids, Hp and β-hydroxybutyrate, as well as between SAA and non-esterified fatty acids. Our results indicate that the acute phase response occurs in cows around parturition, and suggest that there are relationships between mediators of immune response and several indices of energy metabolism. Our results also suggest that in cows with higher concentrations of non-esterified fatty acids, indicating a certain degree of lipid mobilisation, higher values of acute phase proteins may be found.
The transition of pregnancy to lactation, with the concomitant negative energy balance during early lactation, requires substantial adaptation of the cow, including metabolic and physiological adaptations and changes in metabolism (Hachenberg et al. 2007) . Animals react to disturbances in their homeostasis with a set of physiological changes known as the acute phase response (Piňeiro et al. 2003) . This defence mechanism is characterized by systemic reactions like fever, alterations of appetite, and decreased serum concentrations of iron and zinc. The most striking phenomenon, however, is the changing concentration in a number of serum proteins, particularly acute phase proteins (APPs) (Petersen et al. 2004) . The acute phase proteins that play an important role in the reproductive processes and reconstruction of the endometrium in cattle are haptoglobin (Hp) and serum amyloid A (SAA) (Krakowski and Zdzisińska 2007) . On account of their opsonization properties, both proteins intensify the phagocytosis process against the pathogens introduced into the uterus during fertilization and play an active role in the reconstruction of the tissues damaged during inflammation (Regassa and Noakes 1999) .
Most research on APPs is focused on humans. It has been described in women that parturition induces an acute phase protein reaction (Gatzka et al. 2002) . The concentrations of most of APPs do not change during pregnancy, but increase at delivery (Berkova et al. 2001) . Consequently, the changes in concentration of APPs around the time of parturition are less well-documented for domestic animals. Therefore, the objective of this study was to measure the concentrations of selected APPs -Hp and SAA in different stages of pre-and postpartal periods in relation to possible peripartal disturbances. Moreover,
Results
The results of Hp and SAA concentrations and concentrations of variables of energy metabolism are summarised in Table 1. The analyses of correlations between variables are  listed in Table 2 .
The mean values of Hp and SAA during the period under study in cows ranged from 34 to 374 μg/ml, and 6 to 151 μg/ml, respectively. The highest values we recorded in cows 1 week after parturition (Group 3), the values determined in animals in later postparturient period were significantly lower (P < 0.05). The differences of means of presented variables in periods of reproduction were significant (ANOVA; P < 0.05 and P < 0.001). We did not find significant differences in the mean serum concentrations of glucose. The serum concentrations of TCH and TL in later postparturient period (Group 6 -9) were higher than before and shortly after calving. The differences in mean concentrations of TCH during evaluated periods were significant (ANOVA; P < 0.01), whereas in serum concentrations of TL we did not find significant changes. The most considerable changes of average values throughout the monitored period we found in concentrations of TG and NEFA (P < 0.001). The highest average concentration of TG was recorded in cows 4 weeks before parturition (Group 1). In the next period we observed a trend of lower values, with lowest TG concentrations in cows 5 -10 weeks after the parturition (Group 7 -9). The highest average concentration of NEFA was recorded in cows 1 week post partum (Group 3). The mean values of non-esterified fatty acids in the later postparturient period were significantly lower. The highest BHB concentration was found in cows 1 week before and 1 week after parturition (Group 2 and 3), in the next period we observed a trend of lower values. However, the differences in mean concentrations of β-hydroxybutyrate were not significant.
By assessment of correlations of changes in means (Table 2) between monitored acute phase proteins and several variables of energy metabolism in the evaluated period we recorded a significant correlation between Hp and NEFA (R = 0.927; P < 0.001), Hp and BHB (R = 0.691; P < 0.05), as well as between SAA and NEFA (R = 0.847; P < 0.01). Significant correlation was found also between Hp and SAA (R = 0.919; P < 0.001). By evaluation of correlation between variables of energy metabolism in the mentioned time we found significant positive correlation between TCH and TL (R = 0.851; P < 0.01), and between NEFA and BHB (R = 0.726; P < 0.05).
Discussion

Kinetic variables of
APPs during pregnancy and delivery have been studied in great details in humans (Berkova et al. 2001) . De Villiers et al. (1990) reported that in cattle, around the time of parturition, the concentrations of In rows where superscripts are present, means in the same row that share a common superscript differ (P < 0.05) A-D In rows where superscripts are present, means in the same row that share a common superscript differ (P < 0.01) [1] [2] [3] [4] [5] [6] [7] In rows where superscripts are present, means in the same row that share a common superscript differ (P < 0.001) Groups of cows: 1 -4 weeks before parturition; 2 -1 week before parturition; 3 -1 week after parturition; 4 -2 weeks after parturition; 5 -3 weeks after parturition;
6 -4 weeks after parturition; 7 -5 weeks after parturition; 8 -8 weeks after parturition; 9 -10 weeks after parturition x -mean; SEM -standard error of mean; LSM -least squares mean; n. s. -not significant Table 1 APPs are similar to the concentration pattern in humans. Krakowski and Zdzisińska (2007) investigated heifers during the whole pregnancy period and then over the course of 14 days after the delivery, and in the first and second pregnancy trimesters, the Hp and SAA concentrations were either undetectable or very low. The presence of aforementioned indicators in the serum was found in the third pregnancy trimester, at which their highest concentrations were recorded after the delivery. Uchida et al. (1993) observed significantly higher concentrations of Hp around parturition than before and after calving. Ametaj et al. (2005) found also an increase of two main bovine acute phase proteins, Hp and SAA, immediately after parturition. Alsemgeest et al. (1993) reported that in cows, 48 h before delivery, the mean SAA concentration was low. According to their results at 24, 48, 72, and 96 h after delivery, mean SAA concentrations were significantly increased; the highest concentration of SAA was reached 48 h after calving. Our results comply with these findings, as in cows shortly after calving we found significantly higher Hp and SAA concentrations than before parturition and in later postpartal period. The most potent stimulus for acute phase protein production is infection or inflammation (Petersen et al. 2004 ). However, cows shortly after calving, evaluated in our study, were healthy and did not show fever or other signs of general infection. According to Alsemgeest et al. (1993) , the physiological processes taking place around the time of parturition are mainly responsible for the elevated concentrations of SAA. Regassa and Noakes (1999) reported that higher values of APPs could be related to tissue damage occurring due to the increased myometrial activity during expulsion of the calf, and to the involution of the uterus. Young et al. (1995) found that the elevated Hp concentrations, determined in the last phase of pregnancy and after delivery may be connected with the changing hormone profile (the influence of estrogens and progesterone). It is worth pointing out that the increase in Hp concentration in cattle is also caused by the increased concentration of cortisol (Alsemgeest et al. 1996) . The fact of the increased SAA concentrations can be interpreted in a similar way. On the other hand, acute metritis and mastitis can also trigger an acute phase response and the synthesis of APPs in the liver, but this increase is more marked (Kováč et al. 2007 ). Hirvonen et al. (1999) observed clinically healthy cows after calving and cows with acute postpartum metritis. In cows with a systemic acute metritis they found higher Hp concentrations than in controls.
The acute phase response is associated with numerous changes in lipid and glucose metabolism, such as decreased cholesterol, accelerated lipolysis, and increased NEFA in plasma (Hardardottir et al. 1994) . Blood glucose increases during the first stage of the acute phase response followed by a sustained hypoglycaemia (Kushibiki et al. 2000) . Moreover, propionate production from the low feed intake during the early postpartal period is insufficient to synthesize the total amount of glucose needed (Drackley et al. 2001) . Ametaj (2005) observed cows from 4 days before until 36 days after calving, and recorded 444 lower glucose concentrations in the early postparturient period, with a significant increase on the 27 th day post partum. Our results comply with these findings, as around calving we found lower mean values of glucose compared with cows in the later postparturient period. Elitok et al. (2006) reported that decreased serum glucose concentrations around parturition probably reflect the increasing demands of the foetus and the mammary gland for glucose.
Our results also show high prepartal concentrations of plasma TG, in cows 4 weeks before parturition we found their significantly higher values than in cows shortly after calving. Ametaj et al. (2005) reported also high TG concentrations in cows in prepartal period and a sharp drop immediately after parturition. Triacylglycerides are carried in plasma as lipoproteins. Endotoxins released by Gram-negative bacteria bind to all lipoprotein classes (Levels et al. 2001) . The main source of endotoxin in transition dairy cows is their gastrointestinal tract. Feeding cows high proportions of concentrate is associated with an increase of up to 20-fold in the amount of endotoxin in the rumen (Jacobsen 2003) . Endotoxin is transferred to blood and cleared by liver macrophages (Harris et al. 2002) . Liver macrophages produce TNF-α, IL-1 and IL-6 in response to the presence of endotoxin in blood, which stimulate hepatocytes to release APPs such SAA and Hp (Jacobsen 2003) . Based on the changes that occur in cows in response to activation of the acute phase response, Ametaj (2005) proposed that fatty liver developed in response to non-specific inflammation around parturition. Specifically, endotoxins are neutralised by SAA, which is associated with lipoproteins. As TG were taken up into the liver as a component of lipoproteins, fatty liver would result from re-esterifying of fatty acids arising from uptake of TG-containing lipoproteins (Drackley et al. 2007) .
The highest NEFA concentrations were observed in cows shortly after calving. Moreover, both investigated APPs correlated positively with non-esterified fatty acids. Recent investigations show that administration of TNFα to experimental animals is associated with decreased appetite and cachexia, and increased release of NEFA from adipose tissue into plasma (Kushibiki et al. 2002) . Therefore, a higher concentration of NEFA in serum could be related to activation of the immune system. Ametaj et al. (2005) reported that increased concentrations of Hp and SAA after parturition correlate positively with total lipids in the liver.
Our results suggest the presence of the acute phase response in cows around parturition and indicate relationships between mediators of acute phase response and some variables of energy metabolism. In the mentioned period we recorded significant correlations between haptoglobin and non-esterified fatty acids, haptoglobin and β-hydroxybutyrate, as well as between serum amyloid A and non-esterified fatty acids.
Proteíny akútnej fázy a ich vzťah k ukazovateľom energetického metabolizmu u dojníc počas pre-a postpartálneho obdobia Zámerom práce bolo sledovanie koncentrácie vybraných proteínov akútnej fázy -haptoglobínu (Hp) a sérového amyloidu A (SAA), a niektorých ukazovateľov energetického metabolizmu v krvnom sére dojníc v rôznych obdobiach pre-a postpartálneho obdobia. Analýzy boli vykonané u dojníc slovenského strakatého dobytka a jeho krížencov (n = 57), ktoré boli rozdelené do 9 skupín podľa sledovaných období reprodukčného cykluod 4 týždňov pred pôrodom do 10 týždňov po pôrode. Zaznamenali sme významné rozdiely priemerných hodnôt koncentrácie Hp a SAA v jednotlivých skupinách počas sledovaného obdobia (P < 0,05, resp. P < 0,001). Koncentrácie Hp a SAA v ranom popôrodnom období boli signifikantne vyššie v porovnaní s neskorším postpartálnym obdobím (P < 0,05). Počas sledovania sme zistili významné rozdiely aj v priemerných hodnotách celkového cholesterolu (P < 0,01), triglyceridov (P < 0,001) a neesterifikovaných mastných kyselín (P < 0,001). Koncentrácie Hp počas sledovaného obdobia pozitívne korelovali s hodno-tami SAA (R = 0,919; P < 0,001). Okrem toho významnú koreláciu sme zistili medzi Hp a neesterifikovanými mastnými kyselinami, Hp a β-hydroxybutyrátom, ako aj medzi SAA a neesterifikovanými mastnými kyselinami. Naše výsledky naznačujú, že u dojníc okolo pôrodu dochádza k odpovedi akútnej fázy zápalu a poukazujú na vzájomné vzťahy medzi vybranými mediátormi imunologických odpovedí a niektorými ukazovateľmi energetického metabolizmu. Naše výsledky tiež naznačujú, že u dojníc s vyššími koncentrá-ciami neesterifikovaných mastných kyselín, čo poukazuje na určitý stupeň lipomobilizácie, súčasne sa zisťujú vyššie koncentrácie proteínov akútnej fázy.
